DESCRIPTION 

MATERIALS AND METHODS FOR 
THE EFFICIENT PRODUCTION OF PASTEURIA 

Cross-Reference to Related Application 
This application claims the benefit of U.S. Provisional Application No. 60/148,154, 
filed August 10, 1999. 



10 Background of the Invention 

This invention relates to methods for the production of Pasteuricu or Pasteuria-Y\ke, 
bacteria. These bacteria are able to produce endospores that have the unique and useful 
property of being able to attach to, infect, grow in, re-sporulate in. and kill certain types of 
phytopathogenic nematodes and other soil-dwelling nematodes. 

1 5 Crop losses due to phytopathogenic nematodes exact a heavy toll in US agriculture. 

For 1994, Koenninge/ ai (Nematology 3 1 :587-61 8, 1999) estimate losses due to nematodes 
to be in excess of $1 .5 billion for corn, soy, wheat, cotton, peanut and vegetable combined. 
These phytopathogenic nematodes come from the phylum Nematoda, within the orders 
Tyienchida and Dorylamide. Expenditures in the US for fumigantsand nematicideson these 

20 and other crops totaled just over $400 million in 1 996 (Chemical Economics Handbook, SRI 

International, 1997). 

Phytopathogenic nematodes are particularly difficult to control because they are 
covered with a thick, impermeable cuticle, or outer covering, and have very few sensory 
neurons. Since many pest control compounds operate as neurotoxins, the low number of 
25 neurons exposed by phytopathogenic nematodes decreases the effective target area for 

nematicidal compounds and has resulted in the development of nematicidal compounds with 
exquisitely high neurotoxic properties. Furthermore, because the phytopathogenic 
nematodes are found in soil or plant roots, exposing the phytopathogenic nematodes to 
control agents also is difficult to achieve and puts the water table at risk of contamination 
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from those toxic compounds. The use of nematicides based on neurotoxins has been 
demonstrated to contaminate both ground and surface water. Consequently, many of these 
compounds are being removed from the market for public health reasons. 

Fumigation of soil prior to planting is a popular method for controlling nematodes. 
5 One of the most popular fumigants, methyl bromide, is slated for removal from use because 

of its ozone destroying properties. However, this practice of soil fumigation kills organisms 
in soil indiscriminately and runs the risk of eliminating beneficial microbes as well as disease 
organisms. The overall market for an effective nematicide with benign environment effects 
is estimated to approach one billion dollars on a world-wide basis. 

10 Pasteuria was first described in 1888 by Mechnikoff (Annales de ITnstitut Pasteur 

2: 165- 170) as a parasite of water fleas. Subsequently, Cobb described a Pasteuria infection 
of the nematode Dotylaimus hulfiferoiis (2 nd ed, Hawaiian Sugar Planters Assoc., Expt. Sta. 
Div. Path. Physiol. Bull. 5:163-195, 1906). In the intervening years, Pasteuria infections of 
virtually every known nematode have been observed, and their potential for use in biological 

15 control of phytopathogenic nematodes has been noted (Chen and Dickson [1998] ,/ 

Nematology 30:3 13-340. 

Although bacteria of the Pasteuria group have a recognized potential for use as 
biorational control agents against phytopathogenic nematodes, their widespread use in 
commercial agriculture will depend on the availability of reliable methods for the large-scale 

20 production of bacteria having specificity against the phytopathogenic nematodes of concern 

to farmers. 

Previous attempts at in vitro culture of Pasteuria used vegetative phase tissue 
recovered from infected females which were surface disinfected with materials such as 
"Clorox" and were cultured with antibiotics to avoid contamination. Rich media such as 
25 Graces Insect Media, Schneiders Insect Media, or Leibovitz Insect Media were used and 

supplemented with numerous materials, see (Bishop and Ellar). 

Most of the experimental work with the Pasteuria group of bacteria has used spores 
produced in live nematodes, cultivated on whole plants in greenhouses where aseptic 
conditions do not prevail. In two exceptions, Verdeho et al (Verdeho, S. and R. Mankau 
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subject invention, Pasteur ia spores, such as those that infect the rootknot nematode 
Meloidogyne arenaria or other host nematodes, are grown in vitro. The process of the 
subject invention is highly advantageous because Pasteuria can be grown in the absence of 
nematode tissue. 

5 The bacteria spores obtained using the methods of the subject invention can then be 

used in any appropriate composition or process. This greatly simplifies the process and 
reduces material and labor costs. Specifically exemplified herein is the production of 
Pasteruia endospores and the use of these spores in nematode control programs. 

In a specific embodiment of the subject invention, the growth of Pasteuria is carried 
10 out on agar plates or in liquid. Also, preferably, no antibiotic or bleach is added to the 

growth medium. 

Advantageously, the method of the subject invention results in growth of bacterial 
mass and an increase in the number of cellular units of the vegetative stage of the bacteria. 
Subsequently, sporulation occurs from the late vegetative phase of the bacteria with 

1 5 production of mature, dormant spores. In the case of Pasteuria. the spores are infective for 

nematodes, including Meloidogyne arenaria and other nematode species. 

A further aspect of the subject invention concerns the identificationof helper factor(s) 
which, when present in Pasteuriaxgrowlh medium, facilitate the in vitro growth of the 
Pasteuria. In one embodiment, the helper factor is a microorganism. A specific isolate of 

20 this helper factor has been deposited wjth the American Type Culture Collection and has 

been assigned the deposit number A TCC_ . In a further embodiment, the helper factor 

is a chemical compound which, when present in the Pasteuria growth medium, facilitates 
the in vitro growth of Pasteuria. Specifically exemplified herein is the helper factor 
designated HF-1 which can be obtained from the culture designated ATCC . 

25 Further aspects of the subject invention include compositions comprising Pasteuria 

endospores and the use of these compositions to control phytopathogenic nematodes. 

Another aspect of the subject invention pertains to the use of the helper factors 
described herein to promote the growth o\ Pasteuria in or around plants thereby controlling 
nematodes. 
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In a specific embodiment, the method of the subject invention involves growing 
Pasteuria on a nutrient broth (NB). In a preferred embodiment, the Pasteuria are grown in 
the absence of antibiotics and without stirring. Optionally, the NB may be supplemented 
with bovine calf scrum (BCS) and/or an egg yolk preparation. 
5 In a specific embodiment of the process of the subject invention, infected female 

nematodes are washed with water to remove attached debris, soil, microorganisms, etc. 
Preferably, the washing takes place without disinfectants or antibiotics. The nematodes are 
then crushed with, for example, slide cover slips w hich have been sterilized. A small amount 
of distilled water can be utilized to facilitate the crushing process. Once the crushed 

1 0 nematodes are prepared, they are then introduced into a nutrient medium and grown. This 

growth can be carried out at room temperature. A standard nutrient broth, optionally 
supplemented with bovine calf serum, can be utilized. The nutrient broth may also be 
supplemented with an egg yolk preparation, peanut oil, or other source of lipids. The 
preparation is permitted to grow, preferably without stirring, at room temperature. Within 

15 a period of several hours up to several days, sw imming rod-shaped organisms will appear. 

Production of spores can then be induced as described herein. 

In one embodiment of the process of the subject invention, after appearance of motile 
rods, the preparation can be transferred to a solid growth medium in, for example, a petri 
dish. Typically, within about 24 hours of growth in the nutrient medium, colonies will 

20 appear on the plates (petri dishes). The colonies which appear on the petri dishes comprise 

the motile rod organisms first observed in the initial growth on nutrient medium. After 
appearance of the colonies in the nutrient medium, induction of spore formation can be done 
by , for example, adding manganese sulfate and/or lipids. 

In a preferred embodiment of the subject invention, the growth process is carried out 

25 to completion in liquid growth medium. This process is simple and highly efficient. 

If desired, the helper microorganisms of the subject invention can be separated from 
the growing Pasteuria by a membrane which allows the passage of a chemical helper factor 
but which blocks the passage of entire microbes. In a specific embodiment, membranes 
having a pore size of about 0.5 jum can be used to separate the Pasteuria from the helper 
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microbes while permitting the passage of the chemical helper factor. In a more specific 
embodiment the pore size is 0.45 f.im. 

Spores will typically form within about 24 hours of spore induction. These spores 
have been determined to be capable of attaching to J2 juvenile nematodes. 
5 Although not wishing to be bound by theory, it appears that the growth system of the 

subject invention involves multiple organisms. Thus, for example, the motile rods observed 
in the nutrient growth media facilitate the optimal growth of the Pasteur ia. For convenience, 
reference herein to "helper factor'' refers to the motile rods, other microbes, or factors 
produced by the motile rods or other microbes, which facilitate or enhance the growth of 

1 0 Pasteuria. The helper factor(s) are believed to exist internal in the nematodes, or their host 

plant, and are made available to perform their functions in the system of the subject invention 
when nematodes are, for example, crushed. 

Thus, one aspect of the subject invention is an efficient system for the in vitro 
production of Pasteuria. In a preferred embodiment, this system utilizes helper factor(s) to 

1 5 achieve optimal production of Pasteuria. 

A further aspect of the subject invention pertains to the manipulation of the helper 
factor(s) of the subject invention to effect control of plant parasitic nematodes. This aspect 
of the subject invention relates to the involvement of the helper factors in the nematodes" 
infection of plants. By interfering with the ability of the helper factor to modulate and/or 

20 facilitate infection of plants by nematodes it is possible to prevent or inhibit nematode 

infection of plants. This interference with this function of the helper factor(s) can be 
achieved by, for example, exposing the helper factors to antibiotics or other agents (such as 
antisense DNA or RNAi) which inhibit the ability of the helper factor(s) to promote 
nematode infection (Fire, A., S. Xu, M. K. Montgomery, S. A. Kostas, S. E. Driver, and 

25 C. C. Mello. [1998J "Potent and specific genetic interference by double-stranded RNA in 

Caenorhabditis elegans" Nature 391:806- 811). Preferably, the inhibiting substance would 
be present in the roots of the plant. 

A further aspect of the subject invention is the use of helper factor(s) to promote 
efficient colonization and/or infectivity by Pasteuria. Thus, live microbial helper factors 
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such as the motile rods exemplified herein can be applied to the situs of plants to promote 
the colonization by indigenous Pasteuria. Alternatively, microbial helper factors can be 
mixed with Pasteuria and applied to the situs of plants. In a further embodiment, a chemical 
helper factor, such as HF-I can be applied with or without contemporaneous application of 
5 Pasteuria. Helper factors may be applied at the time of planting, either as a seed coat or as 

a separate composition. Plants may also be transformed to express a chemical helper factor. 
In a preferred embodiment the helper factor would be expressed in plant roots. 

A further aspect of the subject invention pertains to the motile rod organisms which 
are associated with the ability of the Pasteuria to grow in vitro. A culture of the microbes 

10 has been deposited with the American Type Culture Collection (ATCC), 12301 Park lawn 

Drive, Rockville, Maryland 20852 USA. The deposit has been assigned accession number 

ATCC No. by the repository. 

The subject deposit was deposited under conditions that assure that access to the 
deposit will be available during the pendency of this patent application to one determined 

15 by the Commissioner of Patents and Trademarks to be entitled thereto under 37 CFR 1.14 

and 35 U.S.C. 122. The deposit will be available as required by foreign patent laws in 
countries wherein counterparts of the subject application, or its progeny, are filed. However, 
it should be understood that the availability of a deposit does not constitute a license to 
practice the subject invention in derogation of patent rights granted by governmental action. 

20 Further, the subject deposit will be stored and made available to the public in accord 

with the provisions of the Budapest Treaty for the Deposit of Microorganisms. /.<?., it will be 
stored w ith all the care necessary to keep it viable and uncontaminatedlbr a period of at least 
five years after the most recent request for the furnishing of a sample of the deposit, and in 
any case, for a period of at least thirty (30) years after the date of deposit or for the 

25 enforceable life of any patent which may issue disclosing the culture. The depositor 

acknowledges the duty to replace the deposit should the depository be unable to furnish a 
sample when requested, due to the condition of the deposit. All restrictions on the 
availability to the public of the subject culture deposit will be irrevocably removed upon the 
granting of a patent disclosing it. 
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A further aspect of the subject invention pertains to a helper factor of the subject 
invention designated HF-1 . HF-1 is produced by the motile rod isolate described herein and 
has a size of less than about 0.50 j^m. This factor is particularly advantageous because it is 
associated with the ability of Pasteuria to grow in vitro. 

5 

Following are examples which illustrate procedures for practicing the invention. 
These examples should not be construed as limiting. All percentages are by weight and all 
solvent mixture proportions are by volume unless otherwise noted. 

10 Example 1 — Preparation of Nematodes and Growth of Pasteuria 

Infected Rootknot (Meliodogyne arenaria) females were surface washed in 
autoclaved water. Approximated 1 00 ml of water were passed over the nematodes in a fine 
mesh screen. These nematodes were then crushed between autoclaved glass slides in a drop 
of water. The suspension of material was inoculated into 24 well, sterile plates which 

15 contained sterile insect cell culture media (0.5 % glucose and Leibovitz) with 5% Bovine 

Calf Serum (BSC) added. Growth was observed within 24 hours at room temperature. The 
growth consisted of motile rods, which was not expected. This material was observed for 
several days and a few refractile bodies resembling Pasteuria endospores appeared. When 
stained with Gram's Stain the culture contained both negative and positive material. The 

20 endospore-like bodies were Gram positive. 

Material from agar plates was inoculated into nutrient broth (NB) with BCS. Within 
24 hours abundant growth was evident including structures which appeared to be identical 
to structures found in infected nematodes. In several days refractile bodies filled these 
structures. 

25 

Example 2 — Choice of Medium 

NB and 0.5 % glucose were the preferred media. Spores produced in the NB attached 
more readily to the J2*s than those produced in 0.5 % glucose. A sterile egg yolk preparation 
was added to the NB and, within 24 hours, profuse endospores were produced. This media 
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attached very readily to the J2's. 



contained 50/0 BCS and 5% egg yolk mixture. The spores , 
S^ucntly.saturatedsolu.onofWesso.ss^ 

ehminated. Again abundant spores were obtained within 24 hours 

,olk and salts was diluted 1:1, 1:5 and 1.10. In all 
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salts and good growth and spores were obtained within 24 hours. 
dneaege y„l k cou,dbeused. rhemostrecentnrediaiseitherNB^norGiucose.iO./ 
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10 reduced if desired. 

EB»UJ*^^ , n,„l 5 days after 

f „. !K ,™-infec,edne m a,odeswereha.es,ed from tomato roots 12 to .5 ays after 

in( ,u>a,in g ,he piants. The nematodes were surface sterihzed in I 0% Chiorox soiut.on or 
, 5 lis fI this point asepttc technics were strict, enforced, Infecte nemato es 
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I led in wells containing , mi Nutnen, Broth in a 24-weU piate. Ustng sterde 
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,400X) Cultures were monitored on a daily basis for the presence of 
20 inverted mtcroscope (400X). Cultures Helper factors (contained in 

mycelial balls. MB. (vegetative stage of Pa.eur.a growth). Helper ( 
mycelial of the cultures 24 

0.45 micron membrane tissue culture inserts) was mtroduced to some 

hours after initial incubation. 

The number and q uali, of the MB determined the progress ,n each step. « 
which reeeivedno tnsert. the number of MB and the de g ree of rcfractivtty decreased as the 
25 Isgotolde, A ,m„s,noMBwcrepresc„taf,ero„ewee, ,n, he wells wh.c rece,^ 

he^r factor (inserts, for a tota, of three days, the number of MB increased and ,h 
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morphology changed and their edges became roug' 
15 days. At day 16 mature spores were detected. 



h. They disappeared from the wells after 



10 



15 



20 



25 



, A k o^v^nt r,f Pnsteuria Spores to Nematodes 

Spores harvested from .he media descnbed in Example 2 were used for attachment 
trial s on J2 Root knot nematodes using the method descnbed by Dickson. Approximately 
, m ,of a suspe„sionc„nta,n,„ g J2nema.„deswasp.acedina,. 5 m.ccn,rifu g e t u te andone 

drop of the suspension containing the rcfracile bodies was added. The tubes were spun a, 
,000 rpm for 3 minutes and the materia! placed in a well and observed wtth an inverted 
microscope. There was clear indicate tha, the refrac.tve bodies were attached to the a 
,„ another experiment. J2's were briefly surface sterilized and then placed ,n Dl 
water. Spores were then added ,o the J2's in the we.ls and attached without centrifugal. 
Several wells containing >2S with scores attached were observed ,„ determ.ne . the 
attachments were stable. The wells were examined every day for 10 days and all , e 
attachments were stable. During, hese observations,, was ev.dent.hatthe nematodes woul 
burrow i„,o clumps of ma.rix ma,eria. and ,ha, ,he mo.ile rods were still ac.ive. even .hough 
,he onlv media avatiable was tha, whtch was contained in the one drop of spore inoculum,, 
addedt'o the 1.5 m, suspensions. After about 14 days, some of me J2's began to mol, 
and after a few more days all of the J2's began to molt. 

There were several differenceswith the /. .*» producedrefrac.ilebodies and in v,v„ 
endospores. The in viw, ma.enal .ended ,o be very dense concen,ra,i„ns of endospores and 
, nc ,„ded abundan. vege.a.ive material mtxed w.th the spores so tha, a clump of endospores 
appeared to be attached to the J2's rather than a single spore. However, on closer 
cxaminat.on i, appeared that one or two spores were attached and the re, were still in the 
vegetative rnamx and were no, duect.y attached to the J2', Another difference was that, 
under some circumstances, the in niro endospores appeared slightly smaller. 

r»„ TP l,. s— F ield Trials 

Several thousand M. or***. P- nematodes with refractile bodies attached were 
addcd,„nema,odefrecto m at„csgr„w,ngin P as,eur 1K dsoil S . After 25 to 30 days the roots 
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were harvested and examined. Female Rootknot nematodes infected with Pasteuria and 
filled with endospores were recovered. 

The tomato experiment was repeated and in all cases female root knot nematodes 
vPr P H which were filled with Pasteuria penetrans endospores. 
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Fvam p l„ 6— Identifi cation of Helper Factor(s) 

Nutrient broth was inoculated with material from nutrient agar, which had undergone 
numerous passages. In all cases refractile bodies were observed within a few days. 
Nucleotide sequence data was obtained from in vitro endospores. When compared with 
,0 sequences of DNA on deposit at GenBank, it was clear that the motile rods were not 

Pasteuria and that there must be two organisms present. 

A polynucleotide sequence obtained from a motile rod helper factor of the subject 

invention is shown in SEQ ID NO. 1 . 

The DNA from the motile rods has 98% homology with Enterobacter cloacae and 

1 5 Pantoea ssp.. as well as others. 

The helper factors of the subject invention include microbes having high sequence 
similarity to SEQ. ID NO. 1 . This high sequence similarity would typically be greater than 
SOo/o over a span of at least about 20 bases, preferably greater than 80% and most preferably 
greater than 90%. Such helper factor microbes can be readily identified by, for example, 

20 using SEQ. ID. NO. 1 , or fragments thereof, as DNA probes. 

FY „ m pl P 7 _ Poly nucleotide probes and primers 

DNA possesses a fundamental property called base complementarity. In nature. 
DNA ordinarily exists in the form of pairs of anti-parallel strands, the bases on each strand 
projecting from that strand toward the opposite strand. The base adenine (A) on one strand 
will always be opposed to the base thymine (T) on the other strand, and the base guanine (G) 
will be opposed to the base cytosine (C). The bases are held in appositionby their ability to 
hydrogen bond in this specific way. Though each individual bond is relatively weak, the net 
effect of many adjacent hydrogen bonded bases, together with base stacking effects. ,s a 
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stable joining of the two complementary strands. These bonds can be broken by treatments 
such as high pH or high temperature, and these conditions result in the dissociation, or 
"denaturation," of the two strands. If the DNA is then placed in conditions which make 
hydrogen bonding of the bases thermodynamically favorable, the DNA strands will anneal, 
5 or "hybridized and reform the original double- stranded DNA. If carried out under 

appropriate conditions, this hybridization can be highly specific. That is, only strands with 
a high degree of base complementarity will be able to form stable double-stranded structures. 
The relationship of the specificity of hybridization to reaction conditions is well known. 
Thus, hybridization may be used to test whether two pieces of DNA are complementary in 

1 0 their base sequences. It is this hybridization mechanism which facilitates the use of probes 

of the subject invention to readily detect and characterize DNA sequences of interest. 

The specifically exemplified polynucleotidesof the subject invention can themselves 
be used as probes. Additional polynucleotide sequences can be added to the ends of (or 
internally in) the exemplified polynucleotide sequences so that polynucleotides that are 

15 longer than the exemplified polynucleotides can also be used as probes. Thus, isolated 

polynucleotidescomprisingone or more of the exemplified sequences are w ithin the scope 
of the subject invention. Polynucleotides that have less nucleotides than the exemplified 
polynucleotides can also be used and are contemplated within the scope of the present 
invention. For example, for some purposes, it might be useful to use a conserved sequence 

20 from an exemplified polynucleotide wherein the conserved sequence comprises a portion of 

an exemplified sequence. Thus, polynucleotidesof the subject invention can be used to find 
additional, homologous (wholly or partially) genes and microbes. 

Probes of the subject invention may be composed of DNA, RNA, or PNA (peptide 
nucleic acid). The probe will normally have at least about 10 bases, more usually at least 

25 about 17 bases, and may have about 100 bases or more. Longer probes can readily be 

utilized, and such probes can be, for example, several kilobases in length. The probe need 
not have perfect complementarity to the sequence to which it hybridizes. The probes may 
be labeled utilizing techniques that are well known to those skilled in this art. 
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One approach for the use of the subject invention as probes entails first identifying 
DNA segments that are homologous with the disclosed nucleotide sequences using, for 
example. Southern blot analysis of a gene bank. 

One hybridization procedure useful according to the subject invention typically 
5 includes the initial steps of isolating the DNA sample of interest and purifying it chemically. 

Either lysed nematodes (or other parasite hosts, or other samples) or total fractionated nucleic 
acid isolated from nematodes can be used. Cells can be treated using known techniques to 
liberate their DNA (and/or RNA). The DNA sample can be cut into pieces with an 
appropriate restriction enzyme. The pieces can be separated by size through electrophoresis 

10 in a gel, usually agarose or acrylamide. The pieces of interest can be transferred to an 

immobilizing membrane. 

The particular hybridization technique is not essential to the subject invention. As 
improvements are made in hybridization techniques, they can be readily applied. 
The probe and sample can then be combined in a hybridization buffer solution and held at 

1 5 an appropriate temperature until annealing occurs. Thereafter, the membrane is washed free 

of extraneous materials, leaving the sample and bound probe molecules typically detected 
and quantified by autoradiography and/or liquid scintillation counting. As is well known in 
the art, if the probe molecule and nucleic acid sample hybridize by forming a strong non- 
covalent bond between the two molecules, it can be reasonably assumed that the probe and 

20 sample are essentially identical or very similar. The probe's detectable label provides a 

means for determining in a known manner whether hybridization has occurred. 

In the use of the nucleotide segments as probes, the particular probe is labeled with 
any suitable label known to those skilled in the art, including radioactive and non-radioactive 
labels. Typical radioactive labels include " : P, ^S, or the like. Non-radioactive labels 

25 include, for example, ligands such as biotin or thyroxine, as well as enzymes such as 

hydrolases or peroxidases, or the various chemiluminescers such as luciferin, or fluorescent 
compounds like fluorescein and its derivatives. In addition, the probes can be made 
inherently fluorescent as described in International Application No. WO 93/16094. 
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Various degrees of stringency of hybridization can be employed. The more stringent the 
conditions, the greater the complementarity that is required for duplex formation. Stringency 
can be controlled by temperature, probe concentration, probe length, ionic strength, time, and 
the like. Preferably, hybridizationis conducted under moderate to high stringency conditions 
5 by techniques well known in the art, as described, for example, in Keller, G.H., MM. Manak 

(1987) DNA Probes, Stockton Press, New York, NY., pp. 169-170. 

As used herein "moderate to high stringency" conditions for hybridization refers to 
conditions that achieve the same, or about the same, degree of specificity of hybridization 
as the conditions "as described herein." Examples of moderate to high stringency conditions 

10 are provided herein. Specifically,hybridizationof immobilized DNA on Southern blots with 

32 P-labeled gene-specific probes was performed using standard methods (Maniatis et al). 
In general, hybridization and subsequent washes were carried out under moderate to high 
stringency conditions that allowed for detection of target sequences with homology to 
sequences exemplified herein. For double-stranded DNA gene probes, hybridization was 

15 carried out overnight at 20-25° C below the melting temperature (Tm) of the DNA hybrid 

in 6X SSPE, 5X Denhardfs solution. 0.1% SDS, 0.1 mg/ml denatured DNA. The melting 
temperature is described by the following formula from Beltz et al (1983): 
Tm=81.5°C+16.6Log[Na+]+0^ in base 

pairs. 

20 Washes are typically carried out as follows: 

(1) Twice at room temperature for 15 minutes in IX SSPE, 0.1% SDS (low 
stringency wash). 

(2) Once at Tm-20°C for 15 minutes in 0.2X SSPE, 0.1% SDS (moderate 
stringency wash). 

25 For oligonucleotide probes, hybridization was carried out overnight at 10-20 C below the 

melting temperature (Tm) of the hybrid in 6X SSPE. 5X Denhardfs solution. 0. 1 % SDS, 0. 1 
mg/ml denatured DNA. Tm for oligonucleotide probes was determined by the following 
formula from Suggs et al ( 1 98 1 ): 
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Tm (°C)=2(number 11 A base pairs) +4(number G/C base pairs) 
Washes were typically carried out as follows: 

(1) Twice at room temperature for 15 minutes IX SSPE, 0.1% SDS (low 
stringency wash). 

5 (2) Once at the hybridization temperature for 15 minutes in IX SSPE, 0.1% SDS 

(moderate stringency wash). 
In general, salt and/or temperature can be altered to change stringency. With a labeled DNA 
fragment of greater than about 70 or so bases in length, the followingconditionscan be used: 
Low: 1 or 2X SSPE, room temperature 

10 Low: 1 or 2X SSPE, 42°C 

Moderate: 0.2X or 1 X SSPE, 65 °C 
High: 0. IX SSPE, 65 °C. 

Duplex formation and stability depend on substantial complementarity between the two 
strands of a hybrid, and, as noted above, a certain degree of mismatch can be tolerated. 
1 5 Therefore, polynucleotide sequences of the subject invention include mutations (both single 

and multiple), deletions, and insertions in the described sequences, and combinations thereof, 
wherein said mutations, insertions, and deletions permit formation of stable hybrids with a 
target polynucleotide of interest. Mutations, insertions, and deletions can be produced in a 
given polynucleotide sequence using standard methods known in the art. Other methods may 
20 become known in the future. 

The mutational, insertional, and deletional variants of the polynucleotide sequences 
of the inventioncan be used in the same manner as the exemplified polynucleotidesequences 
so long as the variants have substantial sequence similarity with the original sequence. As 
used herein, substantial sequence similarity refers to the extent of nucleotide similarity that 
25 is sufficient to enable the variant polynucleotide to function in the same capacity as the 

original sequence. Preferably, this similarity is greater than 50%; more preferably, this 
similarity is greater than 75%: and most preferably, this similarity is greater than 90%. The 
degree of similarity needed for the variant to function in its intended capacity will depend 
upon the intended use of the sequence. It is well within the skill of a person trained in this 
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art to make mutational, insertional, and deletional mutations that are designed to improve the 
function of the sequence or otherwise provide a methodological advantage. 

In a further embodiment the polynucleotide sequences of the subject invention (and 
portions thereof such as conserved regions and portions that serve to distinguish these 
sequences from previously-known sequences) can be used as, and/or used in the design of, 
primers for PCR amplification. In performing PCR amplification, a certain degree of 
mismatch can be tolerated between primer and template. Therefore, mutations, deletions, 
and insertions (especially additions of nucleotides to the 5' end) of the exemplified 
ppolynucleotides can be used in this manner. Mutations, insertions and deletions can be 
produced in a given primer by methods known to an ordinarily skilled artisan. 

Other DNA sequences from the motile rod isolate exemplified herein can be used as 
the basis for DNA probes and/or primers to identify other helper factor microbes and genes. 

It should be understood that the examples and embodiments described herein are for 
illustrative purposes only and that various modifications or changes in light thereof w ill be 
suggested to persons skilled in the art and are to be included within the spirit and purview 
of this application and the scope of the appended claims. 
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